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# 66: A study of simulation tools and manufacturing 
methods for multi-functional carbon composite particle 
detector mechanics and support structures

Improvementsin Detectormechanicsneedin-depthstudyof thermalandmechanicalloadingconditionsto havemore
integrateddesignconceptsthatsaveon materialbudgetsandoptimizeperformance. Particledetectorsat futurecolliders
rely on evermore lightweight andradiation-hardchargedparticle trackingdevices,which aresupportedby structures
manufacturedfrom compositematerials. This posterlaysout engineeringtechniquesableto solvechallengesrelatedto
the designand manufacturingof future supportstructures. Novel manufacturingmethodslike Extrusion Deposition
Additive Manufacturing (EDAM) along with associatedsimulation tools like Additive3D for prediction of part
productionandperformancearehighlightedwith casestudiesfrom theHigh-LuminosityPhaseUpgradeprojectfor the
CMS detector. Methodologyfor manufacturingof integratedsupportstructuresusingsimulationtools like COMPRO
from ConvergentManufacturingTechnologiesis showcasedfor lightweight and highly thermally conductivesupport
structuresfor future trackingdetectors. Examplesof currentefforts at PurdueUniversity relatedto the high-luminosity
upgradeof the CMS detectorareprovidedto demonstratethe prospectsof suggestedapproachesfor detectorsat new
colliders: a future circular collider or a muoncollider. Specificgeometricanddesignconsiderationsfor the proposed
CMS Inner TrackerRails arediscussedto illustrateadvantagesandconstraintsfor additively manufacturedstructures.
Theapplicability,benefits,andusesof this techniqueto replaceconventionaltooling methodologiesfor compositelayup
partmanufacturingarealsohighlighted.
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Figure 1: Preliminary result on 

fractional contribution of mechanics 

structures at FCC like detectors. The 

study follows a basic tracker design 

based on HL-LHC but extended in 

coverage. 

Need�±
1. Future high energy physics

accelerators pose extreme
requirements on the detectors
surroundingtheinteractionpoints

2. Detector mechanics contribute to
�G�H�W�H�F�W�R�U�¶�Vperformance,thus warrant
an in-depth study of total mass,and
the correspondingsearch for novel
waysto reducethetotal mass.

Figure 2: The temperature difference between the hottest point on the chip and the coolant as a 

function of the thermal conductivities of different layers of the hypothetical support structure used 

in current CMS detector. FEA simulation results are used to determine the functional form of the 

temperature dependence of the various materials. The shaded bands represent the impact of a 

±�������P���W�K�L�F�N�Q�H�V�V���Y�D�U�L�D�W�L�R�Q���I�R�U���W�K�H���Y�D�U�L�R�X�V���H�S�R�[�\��interfaces. Integratedandnovelthermal

managementsolutionswill beneededfor thehigherenergylevelsin futuredetectors. 

Figure 3: State of the art composite design methodology followed in the context of 

the CMS detector upgrades allows for manufacturingcomplexpartsto thestrict

tolerancesenforcedby thephysicsrequirementsfrom supportstructures.This allows 

for prediction of the composite shape under various thermal, radiation and 

mechanical loading conditions.

Figure 4: Multi-functional multi-process end to end analysis flow chart for process and

performance metrics is presented for future detector mechanics.

Additive 3D Simulation Workflow

Figure 5: EDAM used for CMS high-luminosity phase upgrade structures and Additive 3D 

simulation workflow for composite part and performance analysis. Hybrid process 

combining additive manufacturing and compression molding for multi-functional structures.

Conclusion �±Developmentof structural,lightweight, and highly thermally
conductive compositetracking detector support structuresand simulation
capabilitiesfor part andperformancemetrices; to reducethe radiationlength
per layerof a silicon detectorat futureexperimentsfrom thecurrent~2% �: �4
to a levelof ~1% �: �4 is presented.

InstrumentationFrontier(precisionsupportstructuresandcooling).
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